reporting on the use of a selenite enrichment media for the isolation of typhoid and paratyphoid bacilli, pointed out several factors which affect the inhibitory properties of the selenium salts. Among these were the influence of phosphates, the composition of medium particularly in regard to the peptone used, and composition and concentration of the product examined. Unfortunately his observations along these lines have been largely overlooked in attempts to apply selenite containing media to the isolation of Salmonella from a wide variety of sources. North (1950) in attempting the isolation of Salmonella from dried and frozen eggs, observed that the reduction of the phosphate content of the media from 1 per cent to 0.25 per cent increased both the selectivity and productivity of selenite broth. Frequently the higher phosphate concentration yielded negative results, while with the lower concentration large numbers of Salmonella with no interfering organisms were observed. Because of variations which occasionally occurred, this work was not published but was continued in an attempt to determine some of the factors responsible for these negative findings. A report of our progress to date is being presented at this time.
MATERIALS AND METHODS
In the initial stages of the investigation the selenite enrichment broth was prepared as follows: tryptone 4 g; lactose 4 g; sodium acid selenite 5 g; water 1000 ml. Phosphate concentrations of 0.25 to 1.0 per cent were made by the addition of the indicated amounts of Na2HPO4 (anhydrous) and adjusting reaction to pH 7.0 with N HCI. Later in the work it was found that preparation of media was greatly facilitated by adding equal parts of Na2HPO4 (anhydrous) and KH2PO4 (anhydrous). The reaction obtained by this method was usually pH 6.9 and required no adjustment.
Pure culture suspensions of Salmonella were prepared from agar slants in physiological saline. These could be stored for several weeks in the refrigerator with but little loss in viability.
Brilliant green agar (Difco) prepared from the dehydrated product or from the original ingredients in the same proportions was employed as a streaking medium because of the ease with which typical colonies could be recognized. It also had the advantage of permitting the growth and recognition of lactose fermenting types not inhibited in some instances by the enrichment medium. 11,000,000 <300
24,000,000 <300 <300 4,600,000 4,600,000 2,400,000 4,600,000 930,000 2,400,000 2,400,000 <300 0.25pe cent <300 930,000 <300 43,000 2,400,000 24,000,000 4,600,000 11,000,000 9,100 <300 11,000,000 <300 11,000,000 <300 24,000,000 23,000 2,400,000 11,000,000 11,000,000 2,400,000 240,000 2,400,000 2,400,000 4,600,000 <300 * M.P.N. in the control fluid thioglycollate medium in triplicate tube series was 6,700,000 per ml. stimulated by as little as 0.004 ,ug/ml at the 0.25 per cent phosphate concentration and reached a maximum at 0.25 jig/ml. With 1.0 per cent phosphate stimulation was noted at 0.13 jAg/ml although the productivity was inferior to that obtained with the 0.25 per cent phosphate until 1.0 ,ug/ml of cystine had been added. With 2.5 ,g/ml of cystine results were reversed and higher counts were obtained with the 1.0 per cent phosphate concentration, a condition which held with further increases in cystine so that at 10 ,ug/ml the L-cystine was prepared by dissolving 0.1 g or 1.0 g in 10 to 20 ml of N NaOH and making up to 100 ml with distilled water. One ml per liter equals 1.0 jug and 10 sg/ml, respectively. count was 100 times that at the 0.25 per cent phosphate level.
A similar effect of cystine on a commercial dehydrated selenite broth enrichment medium is shown in table 4. Unfortunately the omission of some of the levels of inoculum prevents the drawing of conclusions as to the The productivity of the medium containing the reduced phosphate was enhanced by the addition of the egg and further increased as the cystine concentration was increased. In the medium having up to 0.5 5sg/ml cystine concentration, only a fraction of the theoretical nuimber of Salmonella was recovered. In the single tube series with 1.0 jug/ml of cystine and 0.25 per cent phosphate, SalmoneUa were recovered at the highest dilution employed (10-9), which probably 'represents full recovery. phosphate broth containing cystine in concentrations of 2.5 jg/ml or above. In order to determine whether this observation was also true in the presence of whole egg, the experiment recorded in table 6 was performed. The procedure described in the preceding experiment was followed, with the exception that cystine levels of 1, 10, and 100 ,ug/ml were employed.
It will be noted that in the absence of cystine, Salmonella were not recovered in the 1 per cent phosphate broth in the lowest dilution recorded, although present in both 0.25 and 0.5 per cent phosphate broths. The addition of 1 ,ug/ml of cystine increased recovery at all phosphate levels with better productivity still evident with reduced phosphate. When the cystine concentrations were increased to 10 and 100 uAg/ml, the opposite results were obtained and greater recovery was apparent in the medium containing the 1 per -cent phosphate.
On the basis of these results and since commercial selenite preparations contain 1 per cent phosphate, cystine concentrations of 10 ug/ml were selected for subsequent tests. Artificially inoculated egg whites were examined in commercial media which contained 0.4 per cent selenite and in the media of the same composition prepared in the laboratory.
Dilutions were prepared as follows: To 20 ml of the enrichment broth was added 2.2 ml of liquid egg white. One ml portions, representing 0.1 ml of egg, were removed to sterile Wassermann tubes. Dilution of 1:100 as obtained by transferring 0.1 ml portions of the original suspension to tubes containing 0.9 ml of enrichment broth, and subsequent serial dilutions were made by transferring 0.1 ml from the previous dilution to 0.9 ml of broth. Five tubes were inoculated for each dilution, in each instance a sixth tube being used for the preparation of the next serial dilution. The remainder of the original suspension, containing approximately 1.75 ml of egg, is recorded as the 109 dilution.
The tubes were incubated overnight and streaked the following morning on brilliant green agar. The plates were incubated at 37 C for 24 hours. The results are set forth in table 7.
The addition of cystine (10 ,ug/ml) markedly increased the recovery of Salmonella in both the broth prepared from the commercial dehydrated product (A) and that prepared from the individual ingredients following the same formula. With the commercial dehydrated product (A), no Salmonella were recovered and in the medium No. 3 prepared in the laboratory only 2 colonies appeared on the plate streaked from the initial suspension. The improved selectivity of the laboratory prepared medium with added cystine is apparent by a comparison of medium No. 2 and No. 4. Commercial dehydrated product (B) gave good recovery of the inoculated organisms and was not altered by the addition of cystine. The product prepared from the individual ingredients varied considerably in productivity depending on the peptones that were used, but in each instance the addition of 10 ,ug/ml of cystine resulted in greater recovery of Salmonella. Unless actual productivity tests of each batch of commercial dehydrated media or of the peptone ingredients are made, the routine addition of cystine to offset any possible deficiencies appears highly desirable.
DIscUSSION
In view of the significance that is frequently attached to the results obtained from the examination for Salmonella, it is felt that attention should be called to the possibility of false negatives resulting from the use of a medium which is customarily regarded as satisfactory. We have found it necessary to repeat the examination of many samples of egg, previously found negative, with results contrary to original findings.
The necessity of determining the optimum proportions of phosphate depending on the particular peptone has been pointed out by Leifson (1936) and is borne out by our results and, in addition, it also appears essential to consider the influence of the substance under examination. Leifson' s observation that the peptones were of minor importance is not borne out by our results. Further, the variation occurring between different batches of the same peptone is of major concern. Work not here presented demonstrates that this occurs with fecal specimens as well as with saline suspension of Salmonella and with egg products. It is recognized that the results to date are not sufficient to permit drawing of conclusions regarding all of the factors to be considered in selecting a satisfactory medium for the isolation of Salmonella from any particular product.
The addition of 1.0 ,ug/ml of cystine and reduction in the phosphate content to 0.25 per cent, has shown promise in correcting deficiencies in selenite media otherwise found unsatisfactory. Information has not been obtained to demonstrate the effect of these changes when a satisfactory peptone is employed; however, it is conceivable that the addition of 1 u,g/ml of cystine under these conditions could result in a decreased productivity with media containing reduced phosphate content.
The data demonstrate that with a phosphate concentration of 1 per cent, the addition of 10 1g/ml of cystine will result in greatly improved productivity in a deficient medium and will not adversely affect one already satisfactory. It seems probable that substances other than cystine could be employed, as was demonstrated when yeast extract was incorporated in the medium.
Our results indicate that variation in recovery obtained with some peptones is caused either by the lack of some nutritional substance in the peptone or by the deficiency in some factor which affects the toxicity of the selenite for Salmonella. It is possible that these factors are closely interrelated.
In some instances, the deficiencies observed may have been the result of the age of the product but in the absence of any means of determining production dates, we can only speculate on this possibility. With at least one of the dehydrated products this was probably not a factor, since.,the lot was used shortly after being received directly from the manufacturer.
SUMMARY
Marked deficiency in productivity of selenite enrichment broth for the recovery of Salmonella from pure culture and from egg products has been observed when the media were prepared from different types or batches of peptones.
Similar deficiencies have been noted in selenite broth prepared from commercial dehydrated products.
In the isolation of Salmonella from egg products, such deficiencies may be in part improved by the addition of the substance under examination and marked improvement is obtained by the addition of cystine in concentration of 10,ug/ml. Similar additions of cystine are essential when examining a substance which would not contribute to the nutritional character of the medium.
Greater emphasis should be placed on the need for determining the efficiency of the enrichment broth when using new batches or when the character of the inoculum is changed.
